The objective of the trial reported here was to determine whether breast meat yield would improve in broilers reared on short daylengths if higher levels of dietary protein were fed. To that end, 3200 Ross 308 International broilers were reared to 35 d in eight light-tight rooms, each room being divided into four pens which were populated with 100 feather-sexed male or female chicks. The lighting treatments used were 12, 16, 20 and 24 h light/d, and four balanced protein levels, being 0.85, 1.00, 1.15 and 1.30 of the Aviagen amino acid recommendations, were fed. At 35 d, three birds from each pen were sacrificed for measurement, individually, of physical and chemical characteristics. Body weight gain to 35 d was unaffected by both dietary protein content and light. FCE increased with dietary protein content to day 21. Feed intake to day 35 was not influenced by light or by dietary protein content. Birds on 24 h had a higher mortality compared with those on the three other lighting programmes, which did not differ from one another. Body protein content increased with both daylength and dietary protein content whereas body lipid content was influenced (decreased) only by dietary protein. Breast meat yield from birds reared on 12 h was not improved when these birds were fed high protein feeds whereas yields were increased in birds on the three longer daylengths used when feed protein was increased. The decreased breast meat yield in broilers given short daylengths is therefore not the consequence of a shortage of dietary protein.
Introduction
Breast meat yield has been shown to be reduced when birds are exposed to daylengths shorter than 20 h whereas most other important biological parameters showed improved performance. Unpublished data from studies commissioned by Aviagen showed that breast yields at 31, 38 and 49 d progressively increased as photoperiod was lengthened from 14 to 23 h light, and Schwean-Lardner et al. (2006) noted that, at 38 d of age, birds given 23-h photoperiods had larger breasts than those on 14 h. Brickett et al. (2007) reported lower breast yield for 35-d Ross 308 birds given 12-h photoperiods than those given 20 h. The superior breast yields at 54 d in both Ross and Cobb genotypes given >21 h photoperiods (Lewis et al., 2009) are in agreement with the findings of Renden et al. (1992; 1993; and Lien et al. (2007) for 49-d birds, and with Downs et al. (2006) for 56-d birds. Whilst continuous lighting increases breast meat yield it also increases physiological stress levels and mortality (Lewis et al., 2008) . As yet, no explanation has been given for the lower breast meat yield of broilers reared on shorter daylengths, but because of the welfare benefits of such a management procedure, it is worth finding a way of overcoming this hurdle. The new welfare regulations in the European Union stipulate that birds should be exposed daily to a minimum of 8 h of darkness, six of which must be un-interrupted within a 24-hour cycle (European Union, 2007) . Therefore, a maximum of only 16 h of light will be permissible in the future.
Studies by Danisman & Gous (2011; have shown that body protein content is positively associated with breast meat yield and that this relationship is constant across genotypes and sexes. It is only when low protein feeds are offered to broilers that the relationship between body protein and breast meat yield changes (Danisman & Gous, 2011; . Under these circumstances, excess energy is consumed by birds in their attempt to consume sufficient protein which results in an increase in lipid deposition in the various parts of the body (Gous et al., 1990; Smith & Pesti, 1998) causing the allometric relationship between breast meat yield and body protein to differ from that where high protein feeds are offered (Danisman & Gous, 2011; . It is possible that the reduced feed intake of broilers reared on short daylengths (Ingram et al., 2000 , Lewis et al., 2009 ) may result in less dietary protein being consumed than is necessary to meet the potential body protein growth of broilers, and this could be the cause of the lower breast meat yield in birds reared on short daylengths. Alternatively, the lower energy usage by birds on short daylengths would result in a surplus which would be deposited as body lipid (Lewis & Gous, 2007) . Therefore, at the same body weight as broilers on long daylengths, broilers on short daylengths would have more body lipid and hence less body protein, and as a result, less breast meat.
The hypothesis tested in this trial was that breast meat yield would improve in broilers reared on short daylengths if higher levels of dietary protein were fed. In order to test this hypothesis, feeds ranging in dietary protein content were fed to broilers reared under a range of daylengths, with growth rate, feed intake, breast meat yield and body protein and lipid content being measured.
Materials and Methods
A total of 3200 day-old Ross 308 International broiler chicks was reared in eight light-tight rooms. Each room was divided into four pens using a mesh fence as a barrier. Each pen was populated with 100 feather-sexed male or female chicks. On the first day all chicks received continuous lighting, with the lighting treatments being implemented from the second day of age. Illumination was provided by 11W warm-white compact fluorescent lamps. Heating was provided initially using gas spot-brooders which were placed over two pens on either side of each room. The room temperature was set initially at 32 ºC and was decreased by 3 ºC at seven d and then linearly to reach 20 ºC by 21 d of age. The Animal Ethics Committee approved, in 2010, the use of broiler chickens for this study (reference number: 086/10/Animal).
The four experimental diets used, were formulated to contain 0.85, 1.00, 1.15 and 1.30 of the Aviagen amino acid recommendations (Aviagen, 2009) in the starter and grower periods. Two basal feeds (lowest and highest balanced protein levels) (Table 1) were mixed at a commercial mill, and the chemical composition for these feeds is given in Table 2 . The two intermediate levels of balanced protein were produced by blending the high and low protein basal feeds in the ratios 0.67 : 0.33 and 0.33 : 0.67, respectively. The basal feeds were sampled after mixing for the analysis of apparent metabolisable energy (AME) and digestible amino acid content, using the method of Fisher & McNab (1987) and a Waters amino acid analyser (AOAC, 2003) . The experimental diets were provided in a crumbled form for the first two weeks and in a pelleted form thereafter. Feed and water were supplied ad libitum for the entire trial, and drinkers were cleaned daily.
On arrival, all chicks were weighed per box to obtain their mean initial body weight. Thereafter a random sample of the birds in each pen was weighed at seven-day intervals and these values were used to calculate BWG. On the same day, feed remaining in the troughs was measured from which feed consumption was calculated. Mortality was recorded daily and feed intake was corrected for mortality. Feed conversion efficiency (FCE) was calculated as g gain/kg feed consumed.
At 35 d, three birds from each pen were sacrificed for measurement of physical and chemical characteristics. Body weight of each bird was recorded three times, once before being electrically stunned and exsanguinated, the second after bleeding had ceased, and finally after the feathers had been removed using a rotatory drum plucker. Breast meat (without bone or skin), thigh, drum and wing (with skin and bone) were dissected and weighed and then all parts of each bird, other than feathers, were sealed in a plastic bag, marked and stored in a freezer until mincing took place. Each bird was minced twice using a medium sized mincing machine after which a sample of approximately 500 g was taken from each carcass for subsequent chemical analysis. Each carcass sample was freeze-dried and then milled using a Retsch ultracentrifugal mill. The crude protein content (N x 6.25) of each milled sample was analysed with a LECO FP2000 Nitrogen analyser using the Dumas combustion method (AOAC, 2003) . Gross energy (GE) content was determined using a DDS isothermal CP 500 bomb calorimeter. Lipid (L) content was calculated from GE using the equation L = −0.8754 + 0.04754*GE (University of KwaZulu-Natal, unpublished) . To determine the ash content, samples were placed in a furnace for four hours at 550 ºC (AOAC, 2003) .
Four lighting treatments, namely 12L : 12D, 16L : 8D, 20L : 4D and 24L : 0D were applied from day old for the duration of the trial, these being randomised between rooms, with each lighting treatment being replicated twice, resulting in a factorial design with two sexes, four dietary protein levels and four lighting treatments. Data were analysed using analysis of variance to determine treatment means. Simple linear regression with groups was used to evaluate the response to dietary protein content and daylength, using Genstat (2011). Birds were sexed at the hatchery and reared separately, but to allow for the maximum number of replications of the main effects (light and dietary protein), sex was not included in the statistical analysis and birds were treated as 'as-hatched'. The Chi-square test was used to determine the effects of photoperiod and dietary protein content on mortality (Morris, 1999) . 
Results
Protein contents of the four starter feeds were measured to be 194, 226, 258 and 290 g/kg, and in the finisher feeds, 143, 164, 184 and 204 g/kg, respectively, confirming that the blending of the intermediate feeds had taken place accurately. Mean body weight gain (BWG), feed intake and FCE of birds on the four dietary protein levels and subjected to four lighting treatments to 35 d of age is given in Table 2 . There were no significant interactions between lighting programme and dietary protein content for any of the measured variables (P >0.05). BWG to 35 d was unaffected by both dietary protein content (b = 0.84 ± 1.12 g/g protein) and light (b = 5.78 ± 5.46 g/h light). FCE increased with dietary protein content to day 21 only (b = 0.626 ± 0.266 g gain/kg feed intake/g protein). Feed intake to day 35 was not influenced by light (b = 7.61 ± 7.18 g/h light) or by dietary protein content (b = −0.41 ± 1.4 g/g protein).
Birds on 24 h had a higher (P <0.05) mortality (5.58%) compared with those on the three other lighting programmes, which did not differ from one another. Dietary protein content did not affect mortality (P >0.05).
Mean breast weights of the broilers sampled at 35 d are given in Table 3 . There was no change in breast weight with dietary protein content (−0.338 ± 0.518 g/g) except when birds were subjected to 20 h light, when breast meat increased by 2.541 ± 0.733 g/g dietary protein (Figure 1) . However, the slope of the response to increasing daylengths differed depending on the dietary protein offered: for the lowest protein content (143 g/kg) this decreased linearly by (−)2.12 ± 1.09 g/h light. On the next two highest protein levels (164 and 184 g/kg) the increasing linear response was the same (5.35 ± 2.72 g/h); and at the highest dietary protein content the response was curvilinear, increasing to the highest weight on 20 h light and then decreasing, the coefficients being 99.6 ± 27.9 for the linear term, and −2.63 ± 0.77 for the quadratic term. These responses are illustrated in Figure 2 . Birds on 20 h of light and fed the highest protein content had the heaviest breast weights. When breast weight was expressed as a proportion of body weight (BRW/BW) both feed protein content and daylength influenced this ratio (P >0.05) although there was no significant interaction between the two factors (Table 4) . When breast weight was expressed as a proportion of body protein weight (BRW/BPW), the only observed difference was between lighting treatments (Table 4 ). These differences were reduced even further when the allometric relationship between breast meat and body protein weight was analysed: The slope of the regression was the same for all treatments (0.988 ± 0.444) but the constant term differed for those birds fed 204 g protein/kg, being 1.447 ± 0.115 for birds on 12 h light and 1.701 ± 0.139 for birds on 20 h light. For all other combinations of light and feed protein the constant term was 1.562 ± 0.435.
Mean thigh weights (average weight per bird) for broilers at 35 d are shown in Table 3 . Males had higher mean weights than females (136 vs. 114 g, P <0.001). There was no effect of dietary protein content (b = 0.123 ± 0.087 g/g protein) or light (b = −0.065 ± 0.440 g/h light) on thigh weight, but an interaction between these factors resulted in thigh weights increasing, in birds fed dietary protein levels of 164, 184 and 204 g/kg, as daylength was increased, but with birds on the lowest protein (143 g protein/kg feed) showing reduced thigh weights (P <0.05). The allometric relationship (constant term and regression coefficient) between (ln) mean thigh weight and (ln) body protein weight was the same over all dietary protein and lighting treatments, being represented by the equation 0.034 ± 0.418 + 0.8336 ± 0.0729 g/g.
Drum weights (mean per bird) are in Table 3 . Again, the weights were heavier in males (118 g) than in females (100 g) at 35 d. Neither dietary protein content (b = 0.0595 ± 0.0717 g/g protein) nor daylength (−0.245 ± 0.364 g/h) influenced drum weight, and there was also no interaction between the two factors. However, when the allometric relationships between (ln) drum weight and (ln) body protein weight on different daylengths were compared, the equation for the three longest daylengths (0.087 ± 0.834 + 0.805 ± 0.145 g/g) differed from that for the 12 h treatment (−2.303 ± 1.18 + 1.224 ± 0.207 g/g). Such differences did not occur when the relationships on the different feed protein levels were compared, nor was there an interaction between daylength and feed protein level. Mean wing weights of birds fed four levels of dietary protein content and reared under four lighting treatments to day 35 are given in Table 3 . The mean weight for females was 84 g and for males, 94 g (P <0.001). Whereas there were differences in wing weights between feed protein treatments (P <0.01), when these weights were regressed against feed protein content the regression coefficient was not different from zero (0.116 ± 0.052 g/g). There was also no trend when wing weight was regressed against daylength (0.084 ± 0.270 g/h). There was no interaction between treatments for wing weight. The allometric regression between (ln) wing weight and (ln) body protein weight of 0.467 ± 0.372 + 0.6995 ± 0.0649 g/g remained the same over all dietary protein and daylength treatments, and the interaction between them. Mean body protein and lipid contents of broilers at 35 d are in Table 5 . There was no interaction (P >0.05) between lighting programme and dietary protein content for either of these variables. Body protein content increased at the rate of 0.146 ± 0.035 g/kg as dietary protein content increased whereas body lipid content decreased (−0.696 ± 0.089 g/kg). Body protein also responded to daylength, increasing at the rate of 0.444 ± 0.188 g/kg per h, but body lipid was unaffected (P >0.05). 
Discussion
The objective of the trial reported here was to determine whether breast meat yield would improve in broilers reared on short daylengths if higher levels of dietary protein were fed. This was in response to reports in the literature indicating that breast meat yield is reduced when short daylengths are used in rearing (Renden et al., 1992; 1993; Downs et al., 2006; Schwean-Lardner et al., 2006; Brickett et al., 2007; Lien et al., 2007) . Lewis et al. (2009) showed that feed intake was reduced on short days, suggesting that insufficient protein may be consumed under these conditions to enable broilers to express their potential breast meat yield. Neither BWG to 35 d nor feed intake was affected by the amount of light given to the birds. It has been demonstrated (Lewis et al., 2009 ) that broilers learn to eat in the dark when subjected to daylengths shorter than 16 h, and this enables them to compensate for the reduced daylength. These results confirm those of Lewis et al. (2009; 2010) that broilers grow as well on short as on long days, and that their welfare, as judged in this case by mortality to 35 d, is jeopardised when long daylengths are used in the rearing period. FCE to 21 d was improved with the use of short daylengths although this advantage disappeared by 35 d, the lack of a significant trend possibly being the result of too few replications of the main treatments. Whereas the number of replications may have been insufficient for measuring differences in growth rate and FCE, significant differences between treatments were observed in the physical and chemical composition of broilers on the different treatments, this being the objective of the exercise.
The effects of the dietary and environmental treatments on breast meat yield were complex, and largely dependent on the method used to describe these effects. When viewed over all lighting treatments dietary protein content had no effect on breast meat yield except in those broilers receiving 20 h light/d. However, breast meat yield on the lighting treatments differed considerably depending on the dietary protein content given; decreasing on the lowest protein, increasing linearly on the next two protein levels (164 and 184 g/kg), and showing a curvilinear trend on the highest protein feed. Birds on 20 h of light and fed the highest protein content had considerably heavier breast weights than on any other treatment and could therefore have been regarded as being outliers, these results having a significant effect on the response to 20 h and 204 g protein/kg. However, these birds were also the heaviest birds sampled, thus, when breast weights were expressed as a proportion of body weight, or of body protein weight, differences between treatments were not as apparent. These differences all-but disappeared when the allometric relationship between breast weight and body protein weight were compared between treatments: the slope of this regression was the same in all treatments, but was adjusted upwards (higher constant term) in the case of broilers given 20 h light/d. Emmans & Fisher (1986) and Danisman & Gous (2011) have argued that the logical way to predict the effects of genotype, feed and environment on the growth of breast meat and other body components is to express the component as a proportion of body protein growth. Potential protein growth rates have been described for various genotypes (Hancock et al., 1995; Gous et al., 1996) using a Gompertz growth function (Gous et al., 1999) and simulation models already exist for predicting the actual growth of body protein as influenced by genotype, feed and environment (Emmans, 1981; EFG Software, 2007) . Such models may therefore be used to predict the growth of any scaled component of the body, as any components that share the same rate of maturing can be scaled allometrically (Emmans, 1987; 1988) . What is needed for each genotype is a description of the potential rates of growth of body protein and of the different components of the body so that the allometric relationships between the important components of the body and body protein can be determined. Differences in the allometric relationships between genotypes, or those brought about through nutritional or environmental manipulation would enable these effects to be modelled. The results reported here do not disprove the hypothesis that the allometric regression coefficient between breast weight and body protein weight is the same under all circumstances, and that differences in the constant term may be brought about by different nutritional or environmental conditions. Danisman & Gous (2011; suggested that the shift in constant term was due to an increased amount of body lipid being deposited in the different components of the body when birds are placed on low protein feeds. In this trial, body lipid content decreased, as predicted, but in addition, body protein content increased with dietary protein content. Body protein also increased with daylength whereas body lipid was unaffected. Increases in body protein would result in increased breast weights, as described by the allometric coefficient given above, whereas increased body lipid growth would change the constant term in the allometric equation. Because body lipid was unaffected by daylength, these results do not provide substantial underlying evidence that the constant term in the allometric equation may be altered by different daylengths. Some other explanation is needed to model the reduction in breast meat yield in broilers reared on daylengths shorter than 20 h.
The response in thigh weight to dietary protein and to daylength was interesting, and similar to that in breast weight, with the weights increasing with daylength in birds fed the three highest dietary protein levels, but with birds on the lowest protein exhibiting reduced thigh weights as daylength was increased. Unlike the case with breast meat, the allometric relationship between thigh weight and body protein weight was the same over all dietary protein and lighting treatments, differences in lipid content between treatments presumably being less than in the trials by Danisman & Gous (2011; where the constant term in this relationship was shifted upwards when broilers were fed the lowest protein feeds. Drum weights were unaffected by dietary protein content and daylength, and there was also no interaction between the two factors. However, the allometric equation describing drum weight in terms of body protein weight for the three longest daylengths differed from that for the 12 h treatment, the latter starting at a lower constant term but with a steeper slope than the equation for the other treatments. It is unusual for the slope of the allometric regression for drum weight to differ between treatments: when comparing different genotypes, sexes and feed protein levels in two extensive trials, Danisman & Gous (2011; showed only one instance where the allometric regression coefficients differed, and this was between four genotypes and not between sexes or dietary protein levels. In this trial also, no differences in the allometric relationship between drum and body protein were evident between different feed protein levels, nor was there an interaction between daylength and feed protein level. The difference observed here may have been an anomaly of the data collected rather than a true effect of different daylengths, given both the prior evidence with drum weight and the lack of such differences with the other component weights in this trial.
Whereas there were differences in wing weights between feed protein treatments as revealed using ANOVA, when these weights were regressed against feed protein content the regression coefficient was not different from zero. There was also no trend when wing weight was regressed against daylength. It is important to bear in mind that the trial conducted here was a response trial where the levels of the treatments are not independent, and hence the trends resulting from the imposition of dietary protein levels and daylengths are of importance, and not whether there are differences between treatment means (see Morris, 1983; 1999) . As with thigh weight, the allometric regression between wing weight and body protein weight remained the same over all dietary protein and daylength treatments. This confirms the results of the trials reported by Danisman & Gous (2011; although Brickett et al. (2007) reported that drum and wing weights at 35 d were heavier on their low protein diet.
Conclusion
Breast meat yield from birds reared on 12 h was not improved when these birds were fed high protein feeds whereas yields were increased in birds on the three longer daylengths used when feed protein was increased. The decreased breast meat yield in broilers given short daylengths is therefore not the consequence of a shortage of dietary protein. Nevertheless, the allometric regression between breast meat and body protein content remained the same for all daylengths used thus confirming that breast meat yield may be accurately predicted from body protein weight.
